Abstract-Two approaches to an identification problem in hydrology many of the component processes in hydrology are nonare presented, based upon concepts from modern control and estimation linear [3] due to i) the time variability of watersheds due theory. The first approach treats the identification of unknown parameters to the natural processes of weathering, erosion, climatic in a hydrologic system subject to noisy inputs as an adaptive linear stochastic control problem; the second approach alters the model equation changes, etc., ii) the uncertainty with respect to the states to account for the random part in the inputs, and then uses a nonlinear and characteristics of the interior elements of the system in estimation scheme to estimate the unknown parameters. Both approaches time, and iii) the inherent nonlinearity of the processes of use state-space concepts. The identification schemes are sequential and mass and energy transfer that constitute the hydrologic adaptive and can handle either time-invariant or time-dependent param-cycle. Thus hydrologic rocesses can be considered as eters. They are used to identify parameters in the Prasad model of y yn g d rainfall-runoff. The results obtained are encouraging and confirm the nonlinear dynamic distributed-parameter systems with results from two previous studies; the first using numerical integration of partially known or unknown structures operating in a the model equation along with a trial-and-error procedure, and the continuously changing environment. The inputs and outputs second using a quasi-linearization technique. The proposed approaches of these systems are measurable, but the data obtained are offer a systematic way of analyzing the rainfall-runoff process when the imbedded in noise again with partially known or unknown input data are imbedded in noise.
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NGUYEN DUONG, C. BYRON WINN, AND GEAROLD R. JOHNSON Abstract-Two approaches to an identification problem in hydrology many of the component processes in hydrology are nonare presented, based upon concepts from modern control and estimation linear [3] due to i) the time variability of watersheds due theory. The first approach treats the identification of unknown parameters to the natural processes of weathering, erosion, climatic in a hydrologic system subject to noisy inputs as an adaptive linear stochastic control problem; the second approach alters the model equation changes, etc., ii) the uncertainty with respect to the states to account for the random part in the inputs, and then uses a nonlinear and characteristics of the interior elements of the system in estimation scheme to estimate the unknown parameters. Both approaches time, and iii) the inherent nonlinearity of the processes of use state-space concepts. The identification schemes are sequential and mass and energy transfer that constitute the hydrologic adaptive and can handle either time-invariant or time-dependent param-cycle. Thus For a detailed study of hydrologic systems the math-INTRODUCTION ematical models developed should be nonlinear dynamic 1 ? VUCH OF THE insight gained in other fields, distributed-parameter models. At the present time, however, lvi especially in systems engineering, is directly applicthe assumption of space invariance is often unavoidable able to hydrology [1] . Since modern control and estimation because of a lack of data on parameter distribution. The theory have been applied successfully to aerospace engineer-subdivision of large watersheds into environmental zones, where environmental conditions that affect the behavior ing problems (e.g., satellite tracking, orbit determination, space navigation, etc.) in the last two decades, and since of hydrologic systems can be assumed as uniform, and the there are many similarities between these problems and the use of a lumped-parameter model for each zone is then identification of unknown parameters of hydrologic proces-required to improve the modeling situation. By routing ses (i.e., the models are not known precisely, the system the flow spacewise through all the lumped-parameter under study is stochastic and highly nonlinear, and there is models representing the environmental zones, the total simulation of the entire watershed would represent an noise in the observations), the application of this approach to the study of hydrologic systems has been investigated.
Lapproximtiontto adistribute-paramete system. n Lumped-parameter models of hydrologic systems can be Characteristics of Hydrologic Systems divided into deterministic and stochastic models. The deterministic approach is often called parametric modeling. Ahydrologic system may bedefinedasaninterconnection The choice of the model is determined by the type of of physical elements that are related to water in its natural -~~~problem to be solved. Parametric models require input state. The essential feature of a hydrologic system lies in its data with considerable detail in time, therefore, they model role in generating outputs (i.e., runoff, etc.) from inputs transient responses well and are most widely used for short-(i.e., rainfall, snowmelt, temperature, etc.) or in interrelating term simulation or for prediction for water management inputs and outputs. The stochastic nature of the inputs and purposes [1] . For dynamic systems that are well-characterized by finite-
order ordinary differential equations (differential systems) 1.5 domain is to be preferred, the use of the state-space approach ---| offers a great deal of convenience conceptually, notationally, and analytically. The study reported in this paper deals°_ with the applications of the state-variable approach from modern control and estimation theory to the identification of unknown parameters of nonlinear lumped-parameter response models of hydrologic systems subject to noisy input-output data. The hydrologic system examined is the ( 
Kulandaiswamy Model
Direct runoff may be considered as the result of the storage equation can now be written as transformation of rainfall excess by a basin system. The physical process of this transformation is very complex, S = ao(Q)Q + al Q + b0U. 
the values of N and M must be determined. Both Q(t) dt dt dt and U(t) are available in the form of curves and differentia-where tion has to be done by numerical approximation techniques.
A(Q) = ao + Qda
Taking into consideration the nature of the curves repdQ resenting Q(t) and U(t) and the magnitude of error likely to be introduced by numerical differentiation, the values A plot of Q versus A(Q) was made for various basins, and of N= 1 and M 0 were adopted by Kulandaiswamy. two types of regions could be differentiated. The system For this simplification, (1) reduces to equations for these regions are the following. 1) Nonlinear region:
Plots of a0, a1, and bo versus Qp, the peak discharge, for a representative watershed are illustrated in Fig. 1 . Kul-2) Linear region:
andaiswamy found that a1 and bo vary from storm to storm but do not show any well-defined trend in the variations,
hence, he took these two parameters as constants [5] . The dt2 dt dt
The general nonlinear storage equation (1) proposed by to the authors was related to Prasad's work, only the Prasad Kulandaiswamy has been adopted by many hydrologists model will be used in the investigation of the performance in the simulation of the rainfall-runoff process by lumped-of the proposed identification schemes. parameter response models, but the approach used in the determination of 
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Assume that the observation and input noise error productive uses. However, as additional water supply is planned, the national efficiency, 2) environmental equality, 3) regional costs of supplying the resources become excessively high, since less efficient supply projects must be built. For these reasons, the supply and develpment, andl-being.
demand models are placed in a hierarchical framework whereby the Single project cost-benefit analysis ignores the interaction supply/demand projections are adjusted so that the additional costs of between projects as they are constructed over time. When supply match the additional economic value of the supply. This requires a planning for a long time horizon, all feasible project sites formal extension of classical benefit-cost analysis, which is referred to as must be considered within the planning phase. Single dynamic benefit-cost analysis.
project analysis simply cannot yield insight into long term I. INTRODUCTION water resource planning for a region that contains multiple IIT.[ATER resource projects are often large in magnitude, river basins. VV both physically and monetarily. Time is also an In the process of long range planning for the development important factor in water resource planning; the time of water resource systems to meet projected water needs, period between the conception and full utilization of a one should not ignore the "circular" effect of water on large water resource project has been estimated as 30 years development [35] . By this is meant that the availability of Standard practice in water resource project analysis has additional water supply (and other water resource related been to formulate a cost-benefit ratio or a net benefit for an outputs) will encourage increased, and very likely marginal, individual project based upon a given economic period usage of water. The ultimate resolution of the circular (life-time), discount rate, and assumptions on quantification effect could be a general economic equilibrium analysis as of direct and indirect costs and benefits of that project [16] . discussed in [32] . The general equilibrium approach is seen More recently the concepts of multipurpose projects and as computationally infeasible, for the present, and requires multiobjective planning have been proposed for the standard excessive data.
Of project selection [22] 
